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Dear DWR Representative,
The Nature Conservancy (TNC) appreciates the opportunity to comment on the Tule Subbasin
Groundwater Sustainability Agency’s (GSA’s) Tri-County Water Authority’s Groundwater
Sustainability Plan (GSP or Plan) prepared under the Sustainable Groundwater Management Act
(SGMA).
Addressing Nature’s Water Needs in GSPs
SGMA requires that all beneficial uses and users, including environmental users of groundwater
be considered in the development and implementation of GSPs (Water Code § 10723.2, 23 CCR
§355.4(b)(4)). The inclusion of natural communities in the management our state’s groundwater
resources is essential to protect and restore habitat and wildlife, and as such, is an important
factor in distinguishing sustainable groundwater management from the status quo.
TNC Summary of GSP Review
TNC has carefully reviewed the Plan and we appreciate the work that has gone into its
preparation. Based on our review, we found the Tri-County Water Authority’s GSP to be
significantly improved from the public draft version and to be incomplete in addressing
environmental beneficial uses and users. Note, this is an improvement from our assessment of
the draft plan, which found the draft GSP to be insufficient in addressing environmental beneficial
users.
While the GSP addressed environmental beneficial users in some respects, our review finds that
portions of the GSP should be remedied before being approved. Many of the gaps can be
addressed now, and we encourage the Department to require these corrections prior to approval.
In some cases, it may be difficult to address gaps within 180 days. In these cases, we strongly
recommend that the Department, at a minimum, set clear expectations that these be corrected in
the 2025 plan update and, to the degree that gaps are due to lack of data, that these data gaps
be addressed in time to inform the 2025 update.
To assist in managing groundwater for the needs of natural communities, we provide a summary
of our technical review below. Our specific comments are detailed in Attachment B and are in
reference to numbered items in the checklist in Attachment A. Attachment C provides a list of the
freshwater species located in the Subbasin. Attachment D describes six best practices to confirm
a connection to groundwater for DWR’s NC Dataset. Attachment E provides an overview of a tool
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(i.e., GDE Pulse) that assesses changes in GDE health using satellite, rainfall, and groundwater
data.
Our Key Considerations
Engagement of Environmental Beneficial Users – Stakeholder engagement can best be
measured by the degree to which stakeholders are able to influence the plan. TNC provided
feedback to the draft GSP, which can be found as a comment attached to the SGMA portal
website’s GSP Initial Notifications section. While Tri-County Water Authority GSA incorporated a
portion of our feedback (8 of 44 comments were addressed), we disagree with the components
where our feedback was ignored or dismissed. This suggests a limited degree of engagement of
environmental beneficial users and could result in a definition of sustainability that is biased
towards a limited set of users in the basin. In our experience, the GSP did not “adequately respond
to comments that raise credible technical or policy issues with the Plan,” (23 CCR §355.4(b)(10).
TNC recommendation: We recommend that the GSA prioritize stakeholder engagement through
improvements to the stakeholder engagement plan, partnerships, more representative
governance and funding decisions. Because the GSP does not adequately incorporate feedback
from environmental beneficial users, we also recommend the GSP revisit all components of the
plan where beneficial users must be considered, especially in determining undesirable results,
minimum thresholds and measurable objectives.
Interconnected Surface Waters – The GSP excluded potential and/or actual ISWs because the
plan did not employ the best available science. The GSP therefore lacks an assessment of
whether surface water depletions caused by groundwater use are having an adverse impact on
environmental beneficial users of surface water (23 CCR §354.28(c)(6)). The GSP acknowledges
that water when present in the Tulare Lakebed may temporarily be in hydraulic connection with
the underlying shallow groundwater, yet asserts that there is no indication that any of the streams
or agricultural drainage water evaporation ponds in the area are in hydraulic connection with
shallow groundwater. No monitoring data, analysis, or other information is provided to support
this conclusion. Therefore, potential ISWs are not being managed in the GSP.
TNC recommendation: Until a disconnection can be proven, TNC recommends that the GSP
include all potential and confirmed ISWs and prioritize the installation of additional shallow wells
or nested monitoring wells or stream gauges at locations near high value or sensitive resources
that are vulnerable to significant and unreasonable adverse impacts. Where data gaps exist, we
recommend that the GSP describe concrete actions, with a timeline and budget, to increase the
number of monitoring wells in proximity to streams to fill data gaps and properly identify the
dynamics between groundwater and surface water. Please see our detailed feedback in
Attachment B.
Groundwater Dependent Ecosystems – According to the Natural Communities Commonly
Associated with Groundwater dataset (NC Dataset), 7,371 acres of potential GDEs occur in the
GSA boundary. The draft GSP indicated 3,516 acres of actual or potential GDEs and the final
GSP identified 5,238 acres of actual or potential GDEs, which is a significant improvement. TNC
developed the Groundwater Dependent Ecosystems under SGMA: Guidance for Preparing
GSPs1, which represents the best available science on how GDEs should be considered in plans.
The guidance includes methods for how GSAs should confirm or eliminate GDEs, starting with
the NC Dataset.

1

Available at: https://groundwaterresourcehub.org/public/uploads/pdfs/GWR_Hub_GDE_Guidance_Doc_2-1-18.pdf
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We would like to applaud the GSA for appropriately identifying and mapping vegetative and
wetland GDEs using the NC Dataset, and for considering GDEs throughout the plan as a
beneficial user of groundwater. Vegetation types and the occurrence of sensitive species were
identified using the California Natural Diversity Database (CNDDB) and other tools and data gaps
related to shallow groundwater were acknowledged in the Plan.
Water Budget – We were disappointed to see that the water budget did not include the current,
historical and projected demands of native vegetation and/or managed wetlands, as required
under SGMA (23 CCR §354.18(a) and (b)(3)). The GSP focused on agricultural users of
groundwater, and evapotranspiration is only included as it pertains to crop water requirements.
This is problematic because key environmental uses of groundwater are not being accounted for
as water supply decisions are made using this budget nor will they likely be considered in project
and management actions.
TNC recommendation: As required by SGMA, TNC recommends explicit inclusion of all water
use sectors in the water budget.
Sustainable Management Criteria – We were disappointed to see that the Sustainable
Management Criteria do not describe potential impacts on environmental users of groundwater
and or confirm that minimum thresholds for interconnected surface waters avoid adverse impacts
to environmental beneficial users of surface water, as required under SGMA (23 CCR
§354.26(b)(3), 354.28(b)(4) and (c)(B)(6)). This is problematic because without identifying
potential impacts to GDEs and adverse impacts to beneficial users of surface waters, minimum
thresholds may be set incorrectly.
TNC recommendation: As required by SGMA, the undesirable results should include a description
of potential effects on environmental beneficial uses and users of groundwater (i.e., GDEs and
instream habitats within ISWs). In addition, the GSP should confirm that minimum thresholds for
ISWs avoid adverse impacts to environmental beneficial users of surface waters. Both of these
recommendations apply especially to environmental beneficial users that are already protected
under pre-existing state or federal law.
The Monitoring Network – While the monitoring network ensures partial coverage of
sustainability indicators, the network should be improved to ensure adequate coverage of
sustainability indicators, characterize the spatial and temporal exchanges between surface water
and groundwater, and calibrate and apply the tools and methods necessary to calculate the
depletions of surface water caused by groundwater extractions required under SGMA (23 CCR
§354.34(c)(6) and (f)(3). The monitoring network adequately monitors groundwater in the upper
and lower aquifers; however, the network does not adequately monitor the shallow zone where
environmental beneficial users would obtain groundwater or depletions in surface water. Because
the shallow zone is the groundwater-bearing unit that would most likely be connected to GDEs
and ISWs and yield water to these beneficial users, GDEs and ISWs are not being addressed in
the GSP.
TNC recommendation: TNC recommends that the GSP: (1) modify the well network to monitor
the shallow zone to detect GDE responses to groundwater level declines; (2) install additional
stream gauges along Deer Creek and near the Tulare Lakebed where there is a potential for
GDEs and ISWs to improve ISW mapping and inform the interconnectedness of streams and the
Tulare Lakebed to shallow groundwater; and (3) determine what ecological monitoring can be
used to assess potential impacts to GDEs or ISWs due to groundwater conditions in the subbasin.
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In closing, SGMA is based on two important ideas. First, California’s goal is not just groundwater
management, but sustainable groundwater management that considers the needs of all beneficial
users. This goal can only be achieved when input from environmental beneficial users is reflected
in the plan. Second, SGMA is a long-term commitment to continually improve sustainable
groundwater management. The Department has a critical role in maintaining a high bar for plan
approval and setting the expectation that each plan, and the resulting groundwater conditions,
improve over time.
Best Regards,

Sandi Matsumoto
Associate Director, California Water Program
The Nature Conservancy
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Attachment A
Environmental User Checklist
The Nature Conservancy is neither dispensing legal advice nor warranting any outcome that could result from the use of this checklist. Following this checklist
does not guarantee approval of a GSP or compliance with SGMA, both of which will be determined by DWR and the State Water Resources Control Board.

Basin Setting

Planning
Framework

Admin
Info

GSP Plan Element*
2.1.5
Notice &
Communication
23 CCR §354.10

2.1.2 to 2.1.4
Description of
Plan Area
23 CCR §354.8

2.2.1
Hydrogeologic
Conceptual
Model
23 CCR §354.14

2.2.2
Current &
Historical
Groundwater
Conditions
23 CCR §354.16

GDE Inclusion in GSPs: Identification and Consideration Elements

Check Box

Description of the types of environmental beneficial uses of groundwater that exist within GDEs and a description
of how environmental stakeholders were engaged throughout the development of the GSP.

1

Description of jurisdictional boundaries, existing land use designations, water use management and monitoring
programs; general plans and other land use plans relevant to GDEs and their relationship to the GSP.

2

Description of instream flow requirements, threatened and endangered species habitat, critical habitat, and
protected areas.

3

Summary of process for permitting new or replacement wells for the basin, and how the process incorporates any
protection of GDEs

4

Basin Bottom Boundary:
Is the bottom of the basin defined as at least as deep as the deepest groundwater extractions?
Principal aquifers and aquitards:
Are shallow aquifers adequately described, so that interconnections with surface water and vertical groundwater gradients wit h
other aquifers can be characterized?
Basin cross sections:
Do cross-sections illustrate the relationships between GDEs, surface waters and principal aquifers?

5
6
7

Interconnected surface waters:

8

Interconnected surface water maps for the basin with gaining and losing reaches defined (included as a figure in GSP & submitted
as a shapefile on SGMA portal).

9

Estimates of current and historical surface water depletions for interconnected surface waters quantified and described by reach,
season, and water year type.

10

Basin GDE map included (as figure in text & submitted as a shapefile on SGMA Portal).

11
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If NC Dataset was used:

If NC Dataset was not used:

Sustainable Management Criteria

2.2.3
Water Budget
23 CCR §354.18

Basin GDE map denotes which polygons were kept, removed, and added from NC Dataset
(Worksheet 1, can be attached in GSP section 6.0).
The basin’s GDE shapefile, which is submitted via the SGMA Portal, includes two new fields in
its attribute table denoting: 1) which polygons were kept/removed/added, and 2) the change
reason (e.g., why polygons were removed).
GDEs polygons are consolidated into larger units and named for easier identification
throughout GSP.
Description of why NC dataset was not used, and how an alternative dataset and/or mapping
approach used is best available information.

12
13
14
15

Description of GDEs included:

16

Historical and current groundwater conditions and variability are described in each GDE unit.

17

Historical and current ecological conditions and variability are described in each GDE unit.

18

Each GDE unit has been characterized as having high, moderate, or low ecological value.

19

Inventory of species, habitats, and protected lands for each GDE unit with ecological importance (Worksheet 2, can be attached
in GSP section 6.0).
Groundwater inputs and outputs (e.g., evapotranspiration) of native vegetation and managed wetlands are included in the
basin’s historical and current water budget.
Potential impacts to groundwater conditions due to land use changes, climate change, and population growth to GDEs and
aquatic ecosystems are considered in the projected water budget.

20
21
22

Environmental stakeholders/representatives were consulted.

23

Sustainability goal mentions GDEs or species and habitats that are of particular concern or interest.

24

Sustainability goal mentions whether the intention is to address pre-SGMA impacts, maintain or improve conditions within GDEs
or species and habitats that are of particular concern or interest.

25

3.2
Measurable
Objectives
23 CCR §354.30

Description of how GDEs were considered and whether the measurable objectives and interim milestones will help
achieve the sustainability goal as it pertains to the environment.

26

3.3
Minimum
Thresholds
23 CCR §354.28

Description of how GDEs and environmental uses of surface water were considered when setting minimum
thresholds for relevant sustainability indicators:
Will adverse impacts to GDEs and/or aquatic ecosystems dependent on interconnected surface waters (beneficial user of surface
water) be avoided with the selected minimum thresholds?
Are there any differences between the selected minimum threshold and state, federal, or local standards relevant to the species
or habitats residing in GDEs or aquatic ecosystems dependent on interconnected surface waters?

3.1
Sustainability
Goal
23 CCR §354.24

3.4
Undesirable
Results
23 CCR §354.26

For GDEs, hydrological data are compiled and synthesized for each GDE unit:
If hydrological data are available
within/nearby the GDE
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27
28
29
30

Hydrological datasets are plotted and provided for each GDE unit (Worksheet 3, can be
attached in GSP Section 6.0).

31

Baseline period in the hydrologic data is defined.

32
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Sustainable
Management
Criteria

If hydrological data are not available
within/nearby the GDE

3.5
Monitoring
Network
23 CCR §354.34

GDE unit is classified as having high, moderate, or low susceptibility to changes in
groundwater.

33

Cause-and-effect relationships between groundwater changes and GDEs are explored.

34

Data gaps/insufficiencies are described.

35

Plans to reconcile data gaps in the monitoring network are stated.

36

For GDEs, biological data are compiled and synthesized for each GDE unit:

37

Biological datasets are plotted and provided for each GDE unit, and when possible provide baseline conditions for assessment
of trends and variability.

38

Data gaps/insufficiencies are described.

39

Plans to reconcile data gaps in the monitoring network are stated.

40

Description of potential effects on GDEs, land uses and property interests:

41

Cause-and-effect relationships between GDE and groundwater conditions are described.

42

Impacts to GDEs that are considered to be “significant and unreasonable” are described.

43

Known hydrological thresholds or triggers (e.g., instream flow criteria, groundwater depths, water quality parameters) for
significant impacts to relevant species or ecological communities are reported.

44

Land uses include and consider recreational uses (e.g., fishing/hunting, hiking, boating).

45

Property interests include and consider privately and publicly protected conservation lands and opens spaces, including
wildlife refuges, parks, and natural preserves.

46

Description of whether hydrological data are spatially and temporally sufficient to monitor groundwater conditions for each
GDE unit.

47

Description of how hydrological data gaps and insufficiencies will be reconciled in the monitoring network.

48

Description of how impacts to GDEs and environmental surface water users, as detected by biological responses, will be
monitored and which GDE monitoring methods will be used in conjunction with hydrologic data to evaluate cause-and-effect
relationships with groundwater conditions.

49

Projects &
Mgmt
Actions

4.0. Projects &
Description of how GDEs will benefit from relevant project or management actions.
Mgmt Actions to
Achieve
Sustainability
Description of how projects and management actions will be evaluated to assess whether adverse impacts to the GDE will be
Goal
mitigated or prevented.
23 CCR §354.44
* In reference to DWR’s GSP annotated outline guidance document, available at:
https://water.ca.gov/LegacyFiles/groundwater/sgm/pdfs/GD_GSP_Outline_Final_2016-12-23.pdf
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50
51

Attachment B
TNC Evaluation of the
Tri-County Water Authority Groundwater Sustainability Plan
The Tri-County Water Authority’s Groundwater Sustainability Plan (GSP), adopted as
Resolution 19-06 by the Tri-County Water Authority Groundwater Sustainability Agency
(GSA) on December 18, 2019, was reviewed by TNC. TNC submitted comments on the
Public Draft GSP on November 7, 2019. However, responses to comments on the public
draft were not publicly available so we compared the Public Draft GSP to the Final GSP to
determine if changes were made to the Final GSP text that addressed TNC’s previously
submitted comments in the order of the checklist items included as Attachment A. This
attachment lists our original comments on the complete Public Draft GSP, as submitted to
the Tri-County Water Authority GSA during the public comment period, and states whether
or not they were addressed in the Final GSP [as green text in brackets].
Checklist Item 1 - Notice & Communication (23 CCR §354.10)
[Section 1.5.1 Identification of Groundwater Beneficial Uses/Stakeholders (p. 52)]
•

•

[Our comment was not addressed and no changes to the GSP text were made.]
California Water Code §1305(f) defines that beneficial uses of waters of the State
include “preservation and enhancement of fish, wildlife, and other aquatic resources
and preserves”. Section 1.5.1 states the major use of groundwater is for agricultural
irrigation. Please describe the other beneficial uses and users of
groundwater in the Subbasin, including: GDEs, managed wetlands,
Protected Lands, including conservation areas and other protected lands,
and Public Trust Uses including wildlife, aquatic habitat, fisheries and
recreation.
[Our comment was not addressed and no changes to the GSP text were made.] The
types and locations of environmental uses, species and habitats supported, and the
designated beneficial environmental uses and users of surface waters that may be
affected by groundwater extraction in the Subbasin should be specified. Please
explicitly identify any environmental uses and users of groundwater in the
plan area, and take particular note of the species with protected status. The
following are resources that can be used:
o Natural Communities Commonly Associated with Groundwater dataset (NC
Dataset) - https://gis.water.ca.gov/app/NCDatasetViewer/
o The list of freshwater species located in the Tule Subbasin in Attachment C of
this letter.
o The California Department of Fish and Wildlife’s California Natural Diversity
Database (CNDDB).

Checklist Items 2 to 4 - Description of general plans and other land use plans relevant to
GDEs and their relationship to the GSP (23 CCR §354.8)
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[Section 1.4.1 Description of the Plan Area (pp. 3-50)]
•

[Our comment was not addressed and no changes to the GSP text were made.] The
GSP provides a description of the Central Valley Project and groundwater well
density, however there is no discussion of any instream flow requirements, if any, or
how the water infrastructure is in compliance with regulatory requirements set to
protect species of concern. Please provide a description of any current and
planned instream flow requirements for Deer Creek. If there are not
instream flow requirements in place or planned, then please state that in
the document.

[Section 1.4.6 Land Use Elements or Topic Categories of Applicable General Plans (p. 29)]
•

2

[TNCs comments were addressed. Section 1.4.6-5 Impacts of Neighboring Land Use
Plans has been revised and states that one of the goals of the GSP is to “minimize
the loss of managed habitat, and to increase habitat areas in conjunction with
recharge projects and storage facilities.” Thank you for recognizing the
environmental importance of habitat areas.] This section is focused on agriculture
and irrigation needs, demands, and types of irrigation. It briefly mentions the
existence of a local gas field. It provides no description of the contents of the
applicable county general plans and other land use and environmental plans that
may contain information relevant to the GSP. We have the following specific
comments.
o The sections of the County General Plans describing objectives and
policies for water resources management, and management and
protection of aquatic, riparian and wetland resources should be
discussed in the GSP. Please include a discussion of how
implementation of the GSP may affect and be coordinated with
General Plan policies and procedures regarding the protection of
wetlands, aquatic resources and other GDEs and ISWs.
o This section should identify Habitat Conservation Plans (HCPs), Natural
Community Conservation Plans (NCCPs) and management plans associated
with wildlife refuges within and near the Plan area, and if they are associated
with areas with instream flow requirements; or critical, GDE or ISW habitats.
Please identify all relevant HCPs and NCCPs within the Subbasin, and
any reaches with instream flow and critical habitat requirements.
Please elaborate on the natural resources within the Subbasin and
address how GSP implementation will coordinate with the goals of
these plans and requirements.
o The Critical Species Lookbook2 includes the potential groundwater reliance of
critical species in the basin. Please include a discussion regarding the
management of protected species and their habitats for these aquatic
ecosystems and its relationship to the GSP.
o There are no figures that show the portions of the GSP area covered by city,
community, and county general plans and other land management plans.

Available online at: https://groundwaterresourcehub.org/sgma-tools/the-critical-species-lookbook/
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Please include a figure that shows the areas covered by the general
plans and other land use plans with which the GSP must be
coordinated.
[Section 1.4.6-4 New/Replacement Wells Permitting Process (p. 30) and Section 1.4.7-10
Well Construction Policies (p. 35)]
•

[Our comment was not addressed and no changes to the GSP text were made.]
Section 1.4.6-4 references the Tulare County well permitting program. Section
1.4.7.10 states that TCWA is developing well construction regulations that will
restrict the construction of new lower aquifer wells in some areas and encourage the
construction of upper aquifer wells instead, because it is considered more in balance;
however, no details of this program are provided, and its potential impacts on the
upper aquifer system, and of potential effects on GDEs and ISWs, are not discussed.
Please include a discussion of the following in this section:
o Additional details of the program, and how it will prevent potential adverse
impacts to GDEs and ISWs, should be presented. If such details are not yet
available, the plans and objectives for development of the program should be
discussed under the chapter regarding projects and management actions in
sufficient detail to demonstrate that GDEs and ISWs is being considered.
o Please acknowledge that future well permitting must be coordinated with the
GSP to assure achievement of the Plan’s sustainability goals.
o The State Third Appellate District recently found that Counties have a
responsibility to consider the potential impacts of groundwater withdrawals on
public trust resources when permitting new wells near streams with public trust
uses (ELF v. SWRCB and Siskiyou County, No. C083239). The need for well
permitting programs to comply with this requirement should be stated
in the text.

Checklist Items 5 to 7 – Hydrogeologic Conceptual Model (23 CCR §354.14)
[Section 2.1.3 Basin Boundaries (p. 56)]
•

[Our comment was not addressed and no changes to the GSP text were made.]
Defining the bottom of the Subbasin based on geochemical properties is a suitable
approach for defining the base of freshwater, however, as noted on page 9 of DWR's
Hydrogeologic Conceptual Model BMP
(https://water.ca.gov/LegacyFiles/groundwater/sgm/pdfs/BMP_HCM_Final_2016-1223.pdf) "the definable bottom of the basin should be at least as deep as the deepest
groundwater extractions". Thus, groundwater extraction well depth data
should also be included in the determination of the basin bottom. This will
prevent the possibility of extractors with wells deeper than the basin boundary
(defined by the base of freshwater) from claiming exemption of SGMA due to their
well residing outside the vertical extent of the basin boundary. Please
characterize groundwater well extractions from the deepest wells in
relation to defining the basin bottom.

[Section 2.1.6 Cross Sections (pp. 68-80)]
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o

[Our comment was not addressed and no changes to the GSP text were made.]
Regional geologic cross sections are provided in Figures 2.1.4 through 2.1.10.
These cross-sections do not include a graphical representation of the shallow
groundwater-bearing zones that may be connected to GDEs and ISWs in the
GSP area, and how they are connected to the upper aquifer system. Please
include example near-surface cross section details that depict the
conceptual understanding of shallow groundwater and stream
interactions at different locations, including the Shallow Zone, any
perched aquifers, and the Upper Aquifer.

[Section 2.1.4 Principal Aquifer and Aquitards (pp. 60 to 65)]
•

[Our comment was not addressed and no changes to the GSP text were made.]
Although there is robust description of the aquifers there is no explicit description or
supporting data and information of whether and how pumping in the lower aquifer
influences the upper aquifer. On page 60 it is stated that groundwater above the Aclay, (upper aquifer) is generally not used for water supply; however, Section 2.1.45 (p 66) it states that there are two aquifers in the GSA and both are used for
irrigation. DWR’s definition of a principal aquifers are “aquifers or aquifer systems
that store, transmit, and yield significant or economic quantities of groundwater to
wells, springs, or surface water systems” [23 CCR §351(aa)]. Groundwater above
the A-Clay in the upper aquifer may provide water supply to GDEs and ISWs.
o Please explicitly enumerate the principal aquifer(s) and intervening
aquitards, their relationship to each other, and their role in supplying
groundwater to all beneficial uses and users of groundwater
(including environmental).
o In addition, we request that the connectivity of GDEs and ISWs to
each aquifer (including very shallow groundwater, where present) be
made clear. If connectivity to a very shallow surficial aquifer exists,
please establish its current and/or future management to determine
if it is a principal aquifer. If it is a principal aquifer, it should be
included in the sustainability goal and sustainability criteria. If it
isn’t a principal aquifer, please include text that states the future
protection of GDEs would be incorporated into the 5-year update as
future management plans are developed.

[Section 2.2.1 Groundwater Elevation (pp. 94-100)]
•

[TNCs comment was not addressed. No additional maps were provided in the GSP.]
Groundwater elevation contours are shown for 2007 and 2010 on Figures 2.2.1,
2.2.2 (upper aquifer) and 2.2.3 and 2.2.4 (lower aquifer) with respect to mean sea
level. Based on completion information, the wells used to contour groundwater
levels in the upper aquifer do not necessarily monitor shallow groundwater that may
be in communication with GDEs and ISWs. Depth to groundwater cannot be readily
assessed from the maps. The latest groundwater levels provided are nearly 10 years
old and predate the recent drought. Please provide the following: 1)
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Groundwater level contour maps that are representative of historical as well
as current conditions; 2) Groundwater level contour maps representative of
the uppermost aquifer on which GDEs and ISWs may be reliant; and 3)
Depth to water contour maps that allow interpretation of beneficial
groundwater uses by environmental users.
[Section 2.2.4 Groundwater Quality (pp. 119-124)]
•

[Our comment was not addressed and no changes to the GSP text were made.]
There is water quality information for the upper aquifer and a statement that there is
pumping from the upper aquifer for dairy use, but there is no information regarding
water quality in the upper aquifer to understand how water quality may affect GDEs.
Please modify this section of the GSP to include data about water quality in
the zones where GDEs are present. If there is no data then please recognize
this as a data gap and that additional data will need to be collected and
analyzed.

Checklist Items 8 to 10 – Interconnected Surface Waters (ISW) (23 CCR §354.16)
[Figure 2.1.14 Groundwater Discharge Areas (p. 90)]
•

[TNCs comment was not addressed. No changes were made to this figure in the
GSP.] Figure 2.1.14 shows only the locations of pumping wells, and does not include
areas where groundwater discharge may be occurring through phreatophytes or
other GDEs. Please include the locations of phreatophytes and other GDEs to
provide a complete representation of all groundwater discharge areas. If
the regional groundwater connection of phreatophytes and other GDEs is
not known, please identify this data gap, provide an approach to address it,
and include the GDEs as potential GDEs on the figure until they can be more
conclusively evaluated.

[Section 2.2.6 Interconnected Surface Water Systems (p. 124)]
•

[Our comment was not addressed and no changes to the GSP text were made.] The
regulations [23 CCR §351(o)] define ISWs as “surface water that is hydraulically
connected at any point by a continuous saturated zone to the underlying aquifer and
the overlying surface water is not completely depleted”. “At any point” has both a
spatial and temporal component. Even short durations of interconnections of
groundwater and surface water can be crucial for surface water flow and supporting
environmental users of groundwater and surface water. ISWs can be either gaining
or losing. The defining feature of disconnected surface waters is that groundwater is
consistently below surface water features such that an unsaturated zone always
separates surface water from groundwater, not whether the reach is gaining or
losing. The text states (p. 124) that “There is no indication that any of the streams
in the GSA are in hydraulic connection with the shallow groundwater. However,
when the Tulare Lakebed contains lake water, this water may temporarily be in
hydraulic connection with the underlying shallow groundwater at some locations.”
No monitoring data, analysis, or other information is provided to support this
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important conclusion, as such, the statement that “there is no indication” could in
fact mean that the conclusion is based on the existence of a data gap. Please
provide data or analysis to document the statement. Please identify data
gaps (e.g., lack of shallow or nested/clustered monitoring wells or stream
gauges) and either reconcile them or provide a plan to address them as
needed to improve identification of ISWs prior to disregarding them in the
GSP.
Checklist Items 11 to 15 – Identifying and Mapping GDEs (23 CCR §354.16)
[Section 1.4.7-12 Groundwater Dependent Ecosystems (pp. 36-42) and Section 2.2.7
Groundwater Dependent Ecosystems (p. 125)]
• [TNC applauds Tri-County Water Authority for using the NCCAG dataset and other
available tools to identify and map GDEs. The text regarding impacts of water
supply and management practices on GDEs and identifying and mapping GDEs in
Sections 1.4.7-12 and 2.2.7 have been revised to acknowledge data gaps related to
shallow groundwater.] The text acknowledges the potential for GDEs in both
management areas; however, there is no documentation regarding the depth to
groundwater in the areas near the GDEs.
o While depth to groundwater levels within 30 feet are generally accepted as
being a proxy for deciding if polygons in the NC dataset are connected to
groundwater, seasonal and interannual groundwater fluctuations in the
groundwater regime must be taken into consideration. Utilizing groundwater
data from one point in time (e.g., Winter 2014 to 2015, during the height of
the recent drought) can misrepresent groundwater levels near GDEs and
whether groundwater is available to meet their water requirements, and
result in adverse impacts to the GDEs. Based on a study we recently
submitted to Frontiers in Environmental Science, we've observed riparian
forests along the Cosumnes River to experience a range in groundwater levels
between 1.5 and 75 feet over seasonal and interannual timescales. Seasonal
fluctuations in the regional water table can support perched groundwater near
an intermittent river that seasonally runs dry due to such fluctuations. While
truly perched groundwater itself cannot directly be managed due to its
isolation in the vadose zone, the water table position within a continuous
saturated zone connected to the upper regional aquifer can and should be
monitored and managed. Depth to groundwater maps should be
included in the GSP for the uppermost shallow groundwater system,
unless conclusively determined to be perched. We highly recommend
using depth to groundwater data from multiple seasons and water
year types (e.g., wet, dry, average, drought) to determine the range
of depth to groundwater around NC dataset polygons to support
determination whether or not they are groundwater-dependent.
Please refer to Attachment D of this letter for best practices for using
local groundwater data to verify whether polygons in the NC Dataset
are supported by groundwater in an aquifer. If insufficient data are
available to describe groundwater conditions within or near polygons
from the NC dataset seasonally and interannually, or to determine
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o

o

o

conclusively whether shallow groundwater is hydraulically connected
to underlying aquifers, include those polygons in the GSP until data
gaps are reconciled in the monitoring network, and include specific
measures and time tables to address the data gaps.
[TNCs comment was addressed. The text has been revised and data gaps
related to shallow groundwater are acknowledged in Section 1.4.7-12. Thank
you for addressing TNCs comment regarding identification of data gaps.] If
there are insufficient groundwater level data in the upper aquifer and
overlying shallow groundwater zones, then the NCCAGs in these areas should
be included as GDEs in the GSP until data gaps are reconciled in the
monitoring network. Confirmation of GDEs should be based on depth to
groundwater in the Shallow Zone. Please revise the GDE analysis in
the GSP to include a complete analysis and identification of data gaps.
[TNCs comment was not addressed. No depth to shallow groundwater contour
maps were included.] Please provide depth to groundwater contour
maps and note the following best practices for doing so.
Are the wells used for interpolating depth to groundwater sufficiently
close (<5km) to NC Dataset polygons to reflect local conditions
relevant to ecosystems?
Are the wells used for interpolating depth to groundwater screened
within the surficial unconfined aquifer and capable of measuring the
true water table?
Is depth to groundwater contoured using groundwater elevations at
monitoring wells to get groundwater elevation contours across the
landscape? This layer can then be subtracted from land surface
elevations from a Digital Elevation Model (DEM) to estimate depth-togroundwater contours across the landscape. This will provide much
more accurate contours of depth to groundwater along streams and
other land surface depressions where GDEs are commonly found.
Depth to groundwater contours developed from depth to groundwater
measurements at wells assumes that the land surface is constant,
which is a poor assumption to make. It is better to assume that water
surface elevations are constant in between wells, and then calculate
depth to groundwater using a DEM of the land surface to contour
depth to groundwater.
[TNCs comment was addressed. The text has been revised and vegetation
types were identified using the CNDDB. No GDEs were eliminated from the
vegetative GDE; wetland GDE maps in Figures 1.4.9-A and 1.4.9-B are based
on rooting depth. Thank you for using the CNDDB to identify vegetation types
in GDEs.] Groundwater requirements of GDEs vary with vegetation types and
rooting depths. In identifying GDEs, care should be taken to consider rooting
depths of vegetation. Please indicate what vegetation is present in the
possible GDEs, and whether the GDE was eliminated or retained
based solely on the 30-foot depth limit. While Valley Oak (Quercus
lobata) have been observed to have a maximum rooting depth of ~24 feet
(https://groundwaterresourcehub.org/gde-tools/gde-rooting-depths-
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•

database-for-gdes/), rooting depths are likely to spatially vary based on the
local hydrologic conditions available to the plant. Also, maximum rooting
depths do not take capillary action into consideration, which will vary with soil
type and is an important consideration since woody phreatophytes generally
do not prefer to have their roots submerged in groundwater for extended
periods of time, and hence effectively redistribute their root systems to
straddle the water table as it fluctuates. Hence, this species is highly capable
of accessing groundwater at much deeper depths when needed.
[TNCs comment was partially addressed. The text in Sections 1.4.7-12 and 2.2.7 has
been revised. However, no shallow groundwater contour maps were included to
identify whether a connection to groundwater exists.] In the scientific literature, it is
generally acknowledged that GDEs can rely on groundwater for some or all of their
requirements. GDEs can rely on multiple water sources simultaneously and at
different temporal and / or spatial scales (e.g., precipitation, river water, reservoir
water, soil moisture in the vadose zone, groundwater, applied water, treated
wastewater effluent, urban stormwater, irrigated return flow), and yet still require
groundwater in order to remain viable and healthy. SGMA defines GDEs as
"ecological communities and species that depend on groundwater emerging from
aquifers or on groundwater occurring near the ground surface". The operative
consideration in this definition is dependence, not exclusive dependence or
continuous connection. Hence, we recommend using depth to groundwater
contour maps derived from subtracting groundwater levels from a DEM, as
described above, to identify whether a connection to groundwater exists for
the GDEs presented in Figure 1.4.9 in the Subbasin. Please refer to
Attachments D and E of this letter for best practices for using local
groundwater data to 1) verify whether polygons in the NC Dataset are
supported by groundwater in an aquifer, and 2) verify ecosystem decline or
recovery is correlated with groundwater levels.

Checklist Items 16 to 20, Describing GDEs (23 CCR §354.16)
[Section 1.4.7-12 Groundwater Dependent Ecosystems (pp. 36-42) and Section 2.2.7
Groundwater Dependent Ecosystems (p. 125)]
• [TNC applauds Tri-County Water Authority for using GDE Pulse and other tools
available to describe GDEs.] Please provide information on the historical and
current groundwater conditions near the GDEs or the ecological conditions
present during these times. Refer to GDE Pulse (https://gde.codefornature.org;
See Attachment E of this letter for more details) or any other locally available data
(e.g., leaf area index, evapotranspiration or other data) to describe depth to
groundwater trends in and around GDE areas, and how they relate to trends in plant
growth (e.g., NDVI) and plant moisture (e.g., NDMI). Below is a screenshot example
of data available in GDE Pulse for NC dataset polygons found in the Tri-County Water
Authority.
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•

•

[TNC commends Tri-County Water Authority for using the CNDDB and other tools
available to describe GDEs including vegetation or habitat types shown on Figure
1.4.9-C.] Please provide an ecological inventory for all potential GDEs (see
Appendix III, Worksheet 2 of the GDE Guidance) that includes vegetation or
habitat types and ranks the GDEs as having a high, moderate or low value.
Explain how each rank was characterized.
[TNC applauds Tri-County Water Authority for using CNDDB and other tools available
to identify the occurrence of sensitive species shown on Figure 1.4.9-D.] Please
identify whether any endangered or threatened freshwater species of
animals and plants, or areas with critical habitat have been identified in or
near any of the GDEs. Note that some organisms rely on uplands and
wetlands during different stages of their lifecycle. Resources for this include
the list of freshwater species located in the Subbasin that can be found in
Attachment C of this letter, the Critical Species Lookbook, and CDFW’s CNDDB
database.

Checklist Items 21 and 22 – Water Budget (23 CCR §354.18)
[Section 2.3 Water Budget (pp. 126-174)]
•

[Our comment was not addressed and no changes to the GSP text were made.]
Evapotranspiration is included as category in the groundwater balances (Table
2.3.8); however, it is only included as it pertains to crop water requirements.
Groundwater outflow to ET should be identified as a groundwater budget component.
If the outflow is not known, it should be identified as a data gap and provisional
information should be provided until an analysis can be performed to address the
data gap. Please provide a breakdown of ET for all land-cover types,
including environmental beneficial users like native and riparian vegetation
(wetlands, phreatophytes and other communities). Identify any data gaps
and outline the actions needed to address them and the schedule for their
implementation.

[Section 2.4.3 Monitoring and Analysis (p. 178)]
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•

[Our comment was not addressed and no changes to the GSP text were made.]
Data Gaps (p. 179). This section includes a statement that recognizes data gaps
particularly in the upper aquifer; however, the explanation of this data gap does not
include a lack of temporal and spatial information for the monitoring, assessment
and management of potential impacts to GDEs and ISWs, which are beneficial users
of groundwater. Please update the data gaps section, where appropriate, for
both management areas to acknowledge the lack of detailed information on
shallow groundwater in the upper aquifer, and its relationship to GDEs.

Checklist Item 23-26 Sustainability Goal (23 CCR §354.24)
[Section 3.1 Sustainable Groundwater Management Criteria (p. 182)]
• [Our comment was not addressed and no changes to the GSP text were made.]
Since GDEs and ISWs may be present in and near the GSP area (please see
comments under Checklist Items 16-20) they should be explicitly
recognized in the establishment of sustainable management criteria for the
groundwater level decline and ISW sustainability indicators. Please also
update this section to recognize environmental beneficial groundwater uses
as a component of the sustainable management goals.
[Section 3.2 Sustainability Goal (p. 183)]
•

[Our comment was not addressed and no changes to the GSP text were made.] The
Sustainability Goal states that “The goal of the TCWA is the absence of significant
and unreasonable undesirable results associated with groundwater pumping in
TCWA, accomplished by 2040”. Although this is followed by additional text on
beneficial uses the overall theme is to protect groundwater resources for developed
water users. The narrative discussion of the sustainability goal should be
expanded to include the environmental uses and users of groundwater.
o [Our comment was not addressed and no changes to the GSP text were made.]
Since GDEs and ISWs may be present in the Subbasin (please see
comments under Checklist Items 16-20) they should be recognized as
beneficial users of groundwater and should be included in the
Sustainability Goal. In addition, a statement about any intention to
address pre-SGMA impacts should be included.
o [Our comment was not addressed and no changes to the GSP text were made.]
The GSP states that there is no ISW connectivity for Deer Creek; however, there
isn’t any quantitative analysis, monitoring data, or other information provided to
support this conclusion. Please include ISWs in the Sustainability Goal
until sufficient data is available to conclude the status of ISWs.
o [Our comment was not addressed and no changes to the GSP text were made.]
GDEs are dependent, in part, on suitable water quality; however, the GSP only
considers water quality for irrigation and domestic use. Given that there are
potential GDEs in the Subbasin, and they may be affected by water
quality they should be included in the Sustainability Goal and addressed
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in the Sustainable Management Criteria established for the Water
Quality Sustainability Indicator.
Checklist Item 26 – Measurable Objectives (23 CCR §354.30)
[Section 3.5 Measurable Objectives (pp. 212-214)]
•

•

•

•

[Our comment was not addressed and no changes to the GSP text were made.] This
Measurable Objective for chronic decline in groundwater levels does not consider
GDEs. Please include GDEs (see comments under checklist items 16-20) in
this section and whether the measurable objectives and interim milestones
will help achieve the sustainability goal as it pertains to environmental
beneficial users.
[Our comment was not addressed and no changes to the GSP text were made.] This
GSP states that there are no ISWs in Deer Creek; however, the GSP provides no
data or analysis to support this conclusion. In addition, Tule Lake is identified as
potentially being groundwater connected during some periods. Please modify this
section of the GSP to include a statement that recognizes the potential for
ISWs, pending the characterization of the upper aquifer and analysis of
monitoring data or monitoring from additional wells to be installed in the
future to address data gaps.
[Our comment was not addressed and no changes to the GSP text were made.] This
water quality Measurable Objective does not consider the water quality needs of
GDEs. Please modify this section to include impacts from degraded water
quality on the plant and wildlife communities within GDEs.
[Our comment was not addressed and no changes to the GSP text were made.]
Section 2.2.6 states (p 116) that there may be a temporary connection between
surface water the upper aquifer system in the Tulare Lakebed. Many of the wells are
screened deeper and nested wells have not been installed to inform how shallow
groundwater interacts with potential ISWs and GDEs, and there are no data or
analyses presented that would allow the potential for ISWs and GDEs to be
dismissed. Based on this information, the GSP should acknowledge the
potential for ISWs and GDEs and establish Measurable Objectives for this
indicator. Please include all potential ISWs and GDEs in the analysis and
develop measurable objectives and minimum thresholds, to be managed
until data gaps prove they are not interconnected. Please identify any data
gaps for future resolution.

Checklist Item 27-29 – Minimum Thresholds (23 CCR §354.26c)
[Section 3.3.3 Evaluation of Minimum Thresholds (pp. 189-208) and Section 3.4 Minimum
Thresholds (pp. 209-211)]
•

[Our comment was not addressed and no changes to the GSP text were made.] The
evaluation of minimum thresholds disregards consideration of environmental
beneficial users, such as ISWs or GDEs. Although there are many data gaps
associated with ISWs and GDEs, it must be assumed that potential
significant and unreasonable impacts to these beneficial users could occur.
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•

•

•

As such, they should be addressed in the evaluation of minimum thresholds.
Section 3.3.3 should be modified to address how potential ISWs and GDEs
would be affected by further lowering of groundwater levels.
[Our comment was not addressed and no changes to the GSP text were made.]
Section 3.3.3 states that development of minimum thresholds for interconnected
surface water is not applicable, but fails to provide any monitoring data, analysis or
other information to substantiate this position. The GSP identifies groundwater
levels in the upper aquifer as a data gap and indicates that Tule Lake may
sometimes be hydraulically connected to the regional aquifer system. Minimum
thresholds must be established for ISWs and GDEs unless and until sufficient data
are provided to eliminate them from consideration. Please modify this section of
the GSP to 1) develop minimum thresholds for possible ISWs, including
GDEs, and 2) include a statement that a data gap exists related to the
interconnectedness of the of the Lakebed and shallow groundwater as well
as Deer Creek.
[Our comment was not addressed and no changes to the GSP text were made.]
Section 3.3.3 and 3.4 does not include the required analysis of how the selected
minimum thresholds for decline in groundwater levels could affect ISWs and GDEs
within and near the GSP area. Please include an analysis of the potential effect
of the established minimum thresholds on ISWs and GDES within and near
the GSP area.
[Our comment was not addressed and no changes to the GSP text were made.
Although agricultural and domestic water quality concerns were articulated, similar
concerns were not identified for environmental users. Degradation of water quality
can impact terrestrial and aquatic wildlife that live in or near these ecosystems
during at least part of the year even if the water is not a concern from an agricultural
or municipal standpoint. Please include a discussion about GDEs and water
quality and whether the minimum thresholds and interim milestones will
help achieve sustainability for environmental users.

Checklist Item 30-36 – Undesirable Results (23 CCR §354.26)
[Section 3.2.2 Undesirable Results (for chronic lowering of groundwater levels) (pp. 185187)]
• [Our comment was not addressed and no changes to the GSP text were made.] This
section only describes undesirable results relating to human beneficial uses of
groundwater and neglects environmental beneficial uses / users that could be
adversely affected by chronic groundwater level decline or depletion of
interconnected surface waters. Please add “possible adverse impacts to
potential GDEs and ISWs” to the list of potential undesirable results.
o [Our comment was not addressed and no changes to the GSP text were made.]
The GDE Pulse web application developed by TNC provides easy access to 35
years of satellite data to view trends of vegetation metrics, groundwater depth
(where available), and precipitation data. This satellite imagery can be used to
observe trends for NC dataset polygons within and near the GSA. Over the past
10 years (2009-2018), some NC dataset vegetation polygons have experienced
adverse impacts to vegetation growth and moisture. An example screen shot of
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GDEs near Huron, California from the GDE Pulse tool is presented under
Checklist items 11-15 above.
o For each potential GDE unit with supporting hydrological datasets
please include the following:
Plot and provide hydrological datasets for each GDE.
Define the baseline period in the hydrologic data.
Classify GDE units as having high, moderate, or low susceptibility
to changes in groundwater.
Explore cause-and-effect relationships between groundwater
changes and GDEs.
o For each identifiable GDE unit without supporting hydrological
datasets please describe data gaps and / or insufficiencies.
o Compile and synthesize biological data for each GDE unit by:
Characterizing biological resources for each GDE unit, and when
possible provide baseline conditions for assessment of trends and
variability.
Describing data gaps / insufficiencies.
o Describe possible effects on potential ISWs, GDEs, land uses, and
property interests, including:
Cause-and-effect relationships between potential ISWs and GDEs
with groundwater conditions.
Impacts to potential ISWs and GDEs that are considered to be
“significant and unreasonable.”
Report known hydrological thresholds or triggers (e.g., instream
flow criteria, groundwater depths, water quality parameters) for
significant impacts to relevant species or ecological communities.
Land uses should include recreational uses (e.g., fishing/hunting,
hiking, boating).
Property interests should include and consider privately and
publicly protected conservation lands and opens spaces, including
wildlife refuges, parks, and natural preserves.
[Section 3.3 Undesirable Results (for degraded groundwater quality) (pp. 185-187)]
o

[Our comment was not addressed and no changes to the GSP text were made.]
This section discusses water quality with respect to agricultural and municipal
use but does not include discussion of potential undesirable results for GDEs and
ISWs. Please modify this section to specifically address degraded water
quality from TDS and B to the vegetative portion of GDEs and ISWs.
Although As is mentioned in this GSP please consider adding a
statement that over-pumping and dewatering of aquitards has been
identified as a potential source of elevated As concentrations above
drinking water standards in San Joaquin Valley aquifers. The following is
a link to a paper by Smith, Knight and Fendorf (2018) titled “Overpumping leads
to California groundwater arsenic threat”:
https://www.nature.com/articles/s41467-018-04475-3
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[Sections 3.3 Undesirable Results (for depletion of interconnected surface water) (p. 207
not discussed)]
o

[Our comment was not addressed and no changes to the GSP text were made.]
The GSP states that there are no ISWs; however, there is no monitoring data,
analyses or other information to support this conclusion. In addition, Section
2.2.6 indicates a connection may sometimes exist between shallow groundwater
and Tulare Lake. Furthermore, GDEs may exist within and near the GSP area.
A data gap needs to be identified and a monitoring network employed to verify
the status of ISWs prior to complete dismissal of ISWs from the GSP. Please
modify this section of the GSP to include 1) an assessment of the nature
of potential undesirable results to ISWs and GDEs; 2) recognition of the
existence of potential ISWs and GDEs, unless adequate data can be
provided to dismiss them, 3) a statement that the aquifers will be
managed such there will be no depletion of ISWs that results in a
significant and unreasonable impact to GDEs; and 4) recognition of any
data gaps and specific steps to verify the presence or absence of ISWs
and GDEs with monitoring wells screened at the appropriate depths.

Checklist Item 37-46 – Undesirable Results (23 CCR §354.26)
o

o

o

[Our comment was not addressed and no changes to the GSP text were made.]
Biological data should be compiled and synthesized for each GDE unit. Based
on the potential for GDEs in the Subbasin please include:
o Characterization of biological resources for each GDE unit, and when
possible provide baseline conditions for assessment of trends and
variability.
o A description of data gaps / insufficiencies.
o Stated plans to reconcile data gaps in the monitoring network.
Describe the following potential effects on GDEs, land uses and property
interests:
o Cause-and-effect relationships between GDE and groundwater conditions.
o Impacts to GDEs that are considered to be “significant and
unreasonable”.
o Known hydrological thresholds or triggers (e.g., instream flow criteria,
groundwater depths, water quality parameters) for significant impacts to
relevant species or ecological communities.
o Land uses include and consider recreational uses (e.g., fishing/hunting,
hiking, boating).
o Property interests include and consider privately and publicly protected
conservation lands and opens spaces, including wildlife refuges, parks,
and natural preserves.
Define any data gaps in the above requests and develop a plan to
address them.

Checklist Items 47-49 – Monitoring Network (23 CCR §354.34)
[Chapter 4 Monitoring Network (p. 220)]
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•

•

[Our comment was not addressed and no changes to the GSP text were made.] The
GSP proposes to use groundwater level monitoring to assess potential groundwater
level declines. A set of representative wells has been selected to monitor the upper
and lower aquifer (Tables 3.4.1 and 3.5.1). However, there are no plans to monitor
groundwater level declines to assess the potential for significant and unreasonable
impacts to GDEs or ISWs. In addition, the monitoring wells are not screened in the
upper portion of the upper aquifer, where environmental beneficial users would
obtain the groundwater on which they rely. Finally, there are no plans to monitor
potential depletions in surface water flows or to assess potential GDE responses to
groundwater level declines Please modify the description of the new well
network to provide methodologies, data and other information to support
the monitoring of GDEs and ISWs so as to assess and prevent potential
significant and unreasonable impacts. This modification should include 1)
locating new wells that are appropriately screened to detect connectivity of
GDEs and ISWs with the upper aquifer and 2) identifying or installing
additional stream gages in areas where there is potential for ISWs and
GDEs. In addition, monitoring or GDE responses to groundwater level
declines should be included. GDE Pulse represents an example of how
remote sensing can be used to achieve this objective. Please expand on the
discussion of how the new well, stream and other data will be used to
improve ISW mapping and inform an adequate analysis, and how the data
will be used to verify possible GDEs and their sensitivity to groundwater
level declines.
[Our comment was not addressed and no changes to the GSP text were made.] As
stated above in the comments for Checklist Items 8-10, please reconcile data
gaps (shallow monitoring wells, stream gauges, and nested/clustered wells,
GDE responses to groundwater levels) along Deer Creek in this section of
the GSP to improve ISW mapping in future GSPs.

Checklist Items 50 and 51 – Projects and Management Actions to Achieve Sustainability
Goal (23 CCR §354.44)
[Chapter 5 Projects and Management Actions (pp. 267-297]
•

[Our comment was not addressed and no changes to the GSP text were made.] This
chapter identifies many important projects; however, the descriptions of Measurable
Objectives for these projects only identifies benefits to water level and storage
through changes in allocation, imports, surface water diversions, and pumping
allowances, and adding percolation basin. Since maintenance or recovery of
groundwater levels, or construction of recharge facilities, may have potential
environmental benefits it would be advantageous to demonstrate multiple benefits
from a funding and prioritization perspective.
o For the projects already identified, please consider stating how ISWs
and GDEs will benefit or be protected, or what other environmental
benefits will accrue.
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If ISWs will not be adequately protected by those listed, please include and
describe additional management actions and projects targeted for
protecting ISWs.
o The storage projects, such as identified as White Ranch/ Deer Creek Project
(p 285) and Liberty Ranch (p 286) can be designed as multiple-benefit
projects to include elements that act functionally as wetlands and provide a
benefit for wildlife and aquatic species. In some cases, such facilities have
been incorporated into local HCPs and NCCPs, more fully recognizing the
value of the habitat that they provide and the species they support. For
projects that construct recharge ponds, please consider identifying if
there is habitat value incorporated into the design and how the
recharge ponds can be managed as multiple-benefit projects to
benefit environmental users. Grant and funding opportunities for
SGMA-related work may be available for multi-benefit projects that
can address water quantity as well as provide environmental benefits.
Please include environmental benefits and multiple benefits as
criteria for assessing project priorities.
o For examples of case studies on how to incorporate environmental benefits
into groundwater projects, please visit our website:
https://groundwaterresourcehub.org/case-studies/recharge-case-studies/
[Our comment was not addressed and no changes to the GSP text were made.]
This chapter should identify the specific actions and schedules proposed to
address data gaps in the hydrogeologic conceptual model, water budget and
monitoring network.
o

•
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Attachment C

Freshwater Species Located in the Tule Lake Subbasin
To assist in identifying the beneficial users of surface water necessary to assess the undesirable result
“depletion of interconnected surface waters”, Attachment C provides a list of freshwater species located
within the Tule Lake Subbasin. To produce the freshwater species list, we used ArcGIS to select features
within the California Freshwater Species Database version 2.0.9 within the GSA’s boundary. This
database contains information on ~4,000 vertebrates, macroinvertebrates and vascular plants that
depend on fresh water for at least one stage of their life cycle. The methods used to compile the
California Freshwater Species Database can be found in Howard et al. 2015 3. The spatial database
contains locality observations and/or distribution information from ~400 data sources. The database is
housed in the California Department of Fish and Wildlife’s BIOS 4 as well as on TNC’s science website5.

Scientific Name
Actitis macularius
Aechmophorus clarkii
Aechmophorus
occidentalis

BIRDS
Spotted Sandpiper
Clark's Grebe
Western Grebe

Agelaius tricolor

Tricolored Blackbird

Aix sponsa
Anas acuta
Anas americana
Anas clypeata
Anas crecca
Anas cyanoptera
Anas discors
Anas platyrhynchos
Anas strepera

Ardea alba
Ardea herodias
Aythya affinis

Wood Duck
Northern Pintail
American Wigeon
Northern Shoveler
Green-winged Teal
Cinnamon Teal
Blue-winged Teal
Mallard
Gadwall
Greater Whitefronted Goose
Great Egret
Great Blue Heron
Lesser Scaup

Aythya americana

Redhead

Aythya collaris
Aythya valisineria
Botaurus lentiginosus
Bucephala albeola
Bucephala clangula
Butorides virescens

Ring-necked Duck
Canvasback
American Bittern
Bufflehead
Common Goldeneye
Green Heron

Anser albifrons

Legally Protected Status
Federal
State
Other

Common Name

BCC

SSC

BSSC - First
priority, BLM

SSC

BSSC - Third
priority

SSC

Howard, J.K. et al. 2015. Patterns of Freshwater Species Richness, Endemism, and Vulnerability in California.
PLoSONE, 11(7). Available at: https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0130710
4 California Department of Fish and Wildlife BIOS: https://www.wildlife.ca.gov/data/BIOS
5 Science for Conservation: https://www.scienceforconservation.org/products/california-freshwater-speciesdatabase
3
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Scientific Name

Common Name

Calidris alpina
Calidris mauri
Calidris minutilla
Chen caerulescens
Chen rossii

Dunlin
Western Sandpiper
Least Sandpiper
Snow Goose
Ross's Goose

Chlidonias niger

Black Tern

Chroicocephalus
philadelphia
Cistothorus palustris
palustris
Cygnus buccinator
Cygnus columbianus
Cypseloides niger
Dendrocygna bicolor
Egretta thula
Empidonax traillii
Fulica americana
Gallinago delicata
Grus canadensis
Haliaeetus
leucocephalus
Himantopus
mexicanus

Legally Protected Status
Federal
State
Other

SSC

Bonaparte's Gull
Marsh Wren
Trumpeter Swan
Tundra Swan
Black Swift

BCC

SSC

BCC

Endangered

USFS

Bald Eagle

BCC

Endangered

USFS, BLM

SSC

Black-necked Stilt
Yellow-breasted Chat

SSC

Ixobrychus exilis
hesperis

Western Least Bittern

SSC

Nycticorax nycticorax
Oxyura jamaicensis
Pelecanus
erythrorhynchos
Phalacrocorax auritus

BSSC - Third
priority
BSSC - First
priority

Fulvous WhistlingDuck
Snowy Egret
Willow Flycatcher
American Coot
Wilson's Snipe
Sandhill Crane

Icteria virens

Limnodromus
scolopaceus
Lophodytes
cucullatus
Megaceryle alcyon
Mergus merganser
Numenius
americanus
Numenius phaeopus

BSSC Second
priority

BSSC - Third
priority
BSSC Second
priority

Long-billed Dowitcher
Hooded Merganser
Belted Kingfisher
Common Merganser
Long-billed Curlew
Whimbrel
Black-crowned NightHeron
Ruddy Duck
American White
Pelican
Double-crested
Cormorant

TNC Comments
Tri-County Water Authority Groundwater Sustainability Plan

SSC

BSSC - First
priority

Page 25 of 44

Legally Protected Status
Federal
State
Other

Scientific Name

Common Name

Phalaropus tricolor
Plegadis chihi
Pluvialis squatarola
Podiceps nigricollis
Podilymbus podiceps
Porzana carolina
Rallus limicola
Recurvirostra
americana
Riparia riparia

Wilson's Phalarope
White-faced Ibis
Black-bellied Plover
Eared Grebe
Pied-billed Grebe
Sora
Virginia Rail

Setophaga petechia

Yellow Warbler

Tachycineta bicolor
Tringa melanoleuca
Tringa semipalmata
Vireo bellii
Xanthocephalus
xanthocephalus

Tree Swallow
Greater Yellowlegs
Willet
Bell's Vireo
Yellow-headed
Blackbird
CRUSTACEANS
Versatile Fairy
Shrimp
Vernal Pool Fairy
Threatened
Shrimp
Alkali Fairy Shrimp
An Amphipod
Hyalella spp.
HERPS

Branchinecta lindahli
Branchinecta lynchi
Branchinecta mackini
Hyalella azteca
Hyalella spp.
Actinemys
marmorata
marmorata
Ambystoma
californiense
californiense
Anaxyrus boreas
boreas

Watch list

American Avocet
Bank Swallow

Threatened
BSSC Second
priority

SSC

BSSC - Third
priority

SSC

IUCN Vulnerable

SSC

ARSSC, BLM,
USFS

Threatened

Threatened

ARSSC

Under
Review in
the
Candidate
or Petition
Process

SSC

ARSSC, BLM

SSC

ARSSC

Western Pond Turtle
California Tiger
Salamander
Boreal Toad

Spea hammondii

Western Spadefoot

Taricha torosa
Thamnophis couchii
Thamnophis sirtalis
sirtalis

Coast Range Newt
Sierra Gartersnake
Common Gartersnake

INSECTS AND OTHER INVERTS

TNC Comments
Tri-County Water Authority Groundwater Sustainability Plan
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Scientific Name
Ambrysus amargosus
Ambrysus spp.
Anax junius
Argia agrioides
Argia spp.
Baetis tricaudatus
Brechmorhoga
mendax
Caenis bajaensis
Chironomidae fam.
Coenagrionidae fam.
Corixidae fam.

Common Name
Ash Meadows
Naucorid
Ambrysus spp.
Common Green
Darner
California Dancer
Argia spp.
A Mayfly
Pale-faced
Clubskimmer
A Mayfly
Chironomidae fam.
Coenagrionidae fam.
Corixidae fam.

Not on any
status lists

Cricotopus annulator
Cricotopus spp.

Cricotopus spp.
Not on any
status lists

Dicrotendipes adnilus
Dicrotendipes spp.
Enallagma civile
Eukiefferiella
claripennis
Eukiefferiella spp.
Fallceon quilleri
Hydropsyche
alternans
Hydropsyche spp.
Hydroptila ajax
Hydroptila spp.
Ischnura barberi
Ischnura denticollis
Leucorrhinia glacialis
Leucorrhinia spp.

Dicrotendipes spp.
Familiar Bluet
Not on any
status lists
Eukiefferiella spp.
A Mayfly
Not on any
status lists
Hydropsyche spp.
A Caddisfly
Hydroptila spp.
Desert Forktail
Black-fronted Forktail
Crimson-ringed
Whiteface
Leucorrhinia spp.
Not on any
status lists

Micropsectra nigripila
Micropsectra spp.
Nectopsyche dorsalis
Nectopsyche spp.
Orthocladius
appersoni
Orthocladius spp.
Pantala flavescens
Pantala hymenaea
Pentaneura
inconspicua
Pentaneura spp.

Legally Protected Status
Federal
State
Other

Micropsectra spp.
A Caddisfly
Nectopsyche spp.
Not on any
status lists
Orthocladius spp.
Wandering Glider
Spot-winged Glider
Not on any
status lists
Pentaneura spp.

TNC Comments
Tri-County Water Authority Groundwater Sustainability Plan
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Scientific Name

Common Name

Phaenopsectra dyari
Phaenopsectra spp.
Plathemis lydia

Legally Protected Status
Federal
State
Other
Not on any
status lists

Phaenopsectra spp.
Common Whitetail
Not on any
status lists

Polypedilum albicorne
Polypedilum spp.
Rheotanytarsus
hamatus
Rheotanytarsus spp.

Polypedilum spp.
Not on any
status lists
Rheotanytarsus spp.
Not on any
status lists

Sigara alternata
Sigara spp.
Sperchon spp.

Sigara spp.
Sperchon spp.
Not on any
status lists

Sperchon stellata
Sympetrum
corruptum

Variegated
Meadowhawk
Not on any
status lists

Tanytarsus angulatus
Tanytarsus spp.
Telebasis salva
Tramea lacerata
Tricorythodes
explicatus
Tricorythodes spp.

Tanytarsus spp.
Desert Firetail
Black Saddlebags

Castor canadensis

American Beaver

Ondatra zibethicus

Common Muskrat

A Mayfly
Tricorythodes spp.
MAMMALS
Not on any
status lists
Not on any
status lists

MOLLUSKS
Helisoma spp.
Menetus opercularis
Menetus spp.

Helisoma spp.
Button Sprite
Menetus spp.

CS

Physa acuta

Pewter Physa

Not on any
status lists

Physa spp.
Planorbella binneyi
Planorbella spp.

Physa spp.
Coarse Rams-horn
Planorbella spp.
PLANTS
Northern Water-plantain
Tall Swamp Onion
White Alder

Alisma triviale
Allium validum
Alnus rhombifolia
Alopecurus aequalis
aequalis
Alopecurus saccatus
Ammannia coccinea

CS

Short-awn Foxtail
Pacific Foxtail
Scarlet Ammannia

TNC Comments
Tri-County Water Authority Groundwater Sustainability Plan
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Scientific Name

Common Name

Ammannia robusta
Anemopsis californica
Arundo donax
Azolla filiculoides

Grand Redstem
Yerba Mansa
NA
NA

Baccharis glutinosa

NA

Legally Protected Status
Federal
State
Other

Not on any
status lists
Not on any
status lists

Baccharis salicina
Bergia texana
Bidens laevis

Texas Bergia
Smooth Bur-marigold
Not on any
status lists

Bistorta bistortoides
Callitriche
longipedunculata
Callitriche marginata
Callitriche palustris
Carex
Carex
Carex
Carex
Carex
Carex
Carex
Carex
Carex
Carex

alma
amplifolia
densa
fissuricola
integra
jonesii
lasiocarpa
nebrascensis
nervina
sartwelliana

Carex senta
Carex spectabilis
Carex utriculata
Carex vesicaria
vesicaria
Castilleja miniata
miniata
Castilleja minor
minor
Cephalanthus
occidentalis
Cyperus acuminatus
Cyperus
erythrorhizos
Datisca glomerata
Downingia bella
Eleocharis bella

Longstock Waterstarwort
Winged Waterstarwort
Vernal Waterstarwort
Sturdy Sedge
Bigleaf Sedge
Dense Sedge
Cleft Sedge
Smooth-beak Sedge
Jones' Sedge
Slender Sedge
Nebraska Sedge
Sierra Sedge
Yosemite Sedge
Western Rough
Sedge
Northwestern Showy
Sedge
Beaked Sedge

SSC

CRPR - 2B.3

Inflated Sedge
Greater Red Indianpaintbrush
Alkali Indianpaintbrush
Common Buttonbush
Short-point Flatsedge
Red-root Flatsedge
Durango Root
Hoover's Downingia
Delicate Spikerush

TNC Comments
Tri-County Water Authority Groundwater Sustainability Plan
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Scientific Name
Eleocharis
macrostachya
Eleocharis
quinqueflora

Common Name
Creeping Spikerush
Few-flower Spikerush

Epilobium campestre

NA

Epilobium
cleistogamum
Epilobium
oregonense
Erigeron coulteri
Eriophorum
crinigerum
Eryngium vaseyi
vaseyi

Cleistogamous Spikeprimrose

Euphorbia hooveri

NA

Galium trifidum
Gentiana calycosa
Gentianella amarella
acuta
Gentianopsis
holopetala
Gentianopsis simplex
Glyceria elata

Small Bedstraw
Explorer's Gentian
Autumn Dwarf
Gentian

Helenium bigelovii

Legally Protected Status
Federal
State
Other

Not on any
status lists

Oregon Willow-herb
Coulter's Fleabane
Fringed Cotton-grass
Vasey's Coyotethistle

Not on any
status lists
Not on any
status lists

Sierra Gentian
One-flower Gentian
Tall Mannagrass
Bigelow's
Sneezeweed
Rosilla
NA
Whorled Marshpennywort
NA
Mariposa Rush

Helenium puberulum
Hosackia oblongifolia
Hydrocotyle
verticillata verticillata
Isoetes bolanderi
Juncus dubius
Juncus effusus
NA
effusus
Juncus effusus pacificus
Juncus macrandrus
Long-anther Rush
Juncus macrophyllus
Longleaf Rush
Juncus mertensianus
Mertens' Rush
Juncus xiphioides
Iris-leaf Rush

1.B.3

Kyhosia bolanderi
Lasthenia ferrisiae
Lasthenia fremontii
Leersia oryzoides
Lepidium oxycarpum
Lilium kelleyanum

Ferris' Goldfields
Fremont's Goldfields
Rice Cutgrass
Sharp-pod Peppergrass
Kelley's Lily

TNC Comments
Tri-County Water Authority Groundwater Sustainability Plan

SSC

Not on any
status lists
CRPR - 4.2
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Scientific Name

Common Name

Limnanthes montana

Mountain
Meadowfoam

Ludwigia peploides
peploides
Lythrum californicum
Marsilea vestita
vestita

Legally Protected Status
Federal
State
Other

Not on any
status lists

NA
California Loosestrife

Not on any
status lists
Not on any
status lists
Not on any
status lists
Not on any
status lists

NA

Micranthes aprica
Micranthes odontoloma
Micranthes oregana
Mimulus guttatus
Myosurus minimus
Narthecium
californicum
Navarretia intertexta
Oenanthe
sarmentosa
Orcuttia inaequalis
Oreostemma
alpigenum andersonii
Orthilia secunda
Oxypolis occidentalis

NA
Common Large
Monkeyflower
NA
California Bog
Asphodel
Needleleaf Navarretia
Water-parsley
San Joaquin Valley
Orcutt Grass
Anderson's Tundra
Aster
One-side Wintergreen
Western Cowbane

Threatened

Endangered

Not on any
status lists
Not on any
status lists

Panicum acuminatum acuminatum
Panicum acuminatum lindheimeri
Paspalum distichum
Pedicularis attollens
Pedicularis
groenlandica
Perideridia gairdneri
gairdneri
Perideridia parishii
latifolia
Perideridia parishii
parishii
Perideridia pringlei

CRPR - 1B.1

Joint Paspalum
NA
NA
Gairdner's Yampah

SSC

CRPR - 4.2

Parish's Yampah

SSC

CRPR - 2B.2

Pringle's Yampah

SSC

CRPR - 4.3
Not on any
status lists
Not on any
status lists
Not on any
status lists

Parish's Yampah

Persicaria lapathifolia
Persicaria maculosa

NA

Persicaria punctata

NA

Phacelia distans

NA

TNC Comments
Tri-County Water Authority Groundwater Sustainability Plan
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Scientific Name

Common Name

Phalaris arundinacea
Phyla nodiflora
Pilularia americana
Plagiobothrys
acanthocarpus
Plagiobothrys
humistratus
Plagiobothrys
leptocladus
Plantago elongata
elongata
Platanthera
sparsiflora sparsiflora
Platanus racemosa
Pluchea odorata
odorata
Pogogyne douglasii
Porterella carnosula
Potamogeton foliosus
foliosus
Potamogeton
nodosus

Reed Canarygrass
Common Frog-fruit
NA
Adobe Popcorn-flower
Dwarf Popcorn-flower
Alkali Popcorn-flower
Slender Plantain
Canyon Bog Orchid
California Sycamore
Scented Conyza
NA
Western Porterella
Leafy Pondweed
Longleaf Pondweed

Primula jeffreyi
Primula tetrandra
Psilocarphus
brevissimus
brevissimus
Puccinellia simplex
Ranunculus
alismifolius
alismifolius
Ranunculus
hystriculus
Rhododendron
columbianum
Rhododendron
occidentale
occidentale
Rorippa curvisiliqua
curvisiliqua
Rumex
conglomeratus
Rumex salicifolius
salicifolius
Rumex violascens
Sagina saginoides
Sagittaria longiloba

Legally Protected Status
Federal
State
Other

NA

Not on any
status lists
Not on any
status lists

Dwarf Woolly-heads
Little Alkali Grass
Water-plantain
Buttercup
Not on any
status lists
Not on any
status lists
Western Azalea
Curve-pod
Yellowcress
NA
Willow Dock
Violet Dock
Arctic Pearlwort
Longbarb Arrowhead

TNC Comments
Tri-County Water Authority Groundwater Sustainability Plan
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Scientific Name
Sagittaria
montevidensis
calycina
Salix drummondiana
Salix eastwoodiae
Salix exigua exigua
Salix exigua
hindsiana
Salix gooddingii
Salix laevigata
Salix lasiandra
lasiandra
Salix lasiolepis
lasiolepis
Salix lemmonii
Salix melanopsis
Scirpus microcarpus
Senecio triangularis
Sidalcea calycosa
calycosa
Sidalcea hirsuta
Sidalcea
ranunculacea
Sisyrinchium elmeri

Legally Protected Status
Federal
State
Other

Common Name

Not on any
status lists
Satiny Salix
Eastwood's Willow
Narrowleaf Willow
Not on any
status lists
Goodding's Willow
Polished Willow
Not on any
status lists
Arroyo Willow
Lemmon's Willow
Dusky Willow
Small-fruit Bulrush
Arrow-leaf Groundsel
Annual Checkermallow
Hairy Checker-mallow
Marsh Checkermallow
Elmer's Blue-eyedgrass
Not on any
status lists

Solidago elongata
Sparganium
angustifolium
Sphenosciadium
capitellatum
Spiranthes
romanzoffiana
Stachys albens
Triglochin palustris
Tuctoria greenei
Typha domingensis
Typha latifolia

Narrowleaf Bur-reed
Swamp Whiteheads
Hooded Ladies'tresses
White-stem Hedgenettle
Slender Bog Arrowgrass
Green's Awnless
Orcutt Grass
Southern Cattail
Broadleaf Cattail

Endangered

Vaccinium uliginosum occidentale
Veronica americana
Viola macloskeyi
Catostomus
occidentalis
occidentalis

SSC

CRPR - 2B.3

Rare

CRPR - 1B.1

Not on any
status lists

American Speedwell
NA
FISHES
Sacramento sucker

TNC Comments
Tri-County Water Authority Groundwater Sustainability Plan

Least Concern
- Moyle 2013
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Scientific Name

Common Name

Lampetra hubbsi

Kern brook lamprey

Lavinia exilicauda
exilicauda

Sacramento hitch

Lavinia symmetricus
symmetricus

Central California
roach

Mylopharodon
conocephalus

Hardhead

Legally Protected Status
Federal
State
Other
Vulnerable SSC
Moyle 2013,
USFS
NearSSC
Threatened Moyle 2013
NearSSC
Threatened Moyle 2013
NearThreatened SSC
Moyle 2013,
USFS
Least Concern
- Moyle 2013
Least Concern
- Moyle 2013

Oncorhynchus mykiss
Coastal rainbow trout
irideus
Orthodon
Sacramento blackfish
microlepidotus
Notes:
ARSSC = At-Risk Species of Special Concern
BCC = Bird of Conservation Concern
BSSC = Bird Species of Special Concern
CRPR = California Rare Plant Rank
CS = Currently Stable
IUCN = International Union for Conservation of Nature
SSC = Species of Special Concern

TNC Comments
Tri-County Water Authority Groundwater Sustainability Plan
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Attachment D

July 2019

IDENTIFYING GDEs UNDER SGMA
Best Practices for using the NC Dataset
The Sustainable Groundwater Management Act (SGMA) requires that groundwater dependent
ecosystems (GDEs) be identified in Groundwater Sustainability Plans (GSPs). As a starting point, the
Department of Water Resources (DWR) is providing the Natural Communities Commonly Associated with
Groundwater Dataset (NC Dataset) online 6 to help Groundwater Sustainability Agencies (GSAs),
consultants, and stakeholders identify GDEs within individual groundwater basins. To apply information
from the NC Dataset to local areas, GSAs should combine it with the best available science on local
hydrology, geology, and groundwater levels to verify whether polygons in the NC dataset are likely
supported by groundwater in an aquifer (Figure 1) 7. This document highlights six best practices for
using local groundwater data to confirm whether mapped features in the NC dataset are supported by
groundwater.

NC Dataset Online Viewer: https://gis.water.ca.gov/app/NCDatasetViewer/
California Department of Water Resources (DWR). 2018. Summary of the “Natural Communities Commonly Associated
with Groundwater” Dataset and Online Web Viewer. Available at: https://water.ca.gov/-/media/DWR-Website/WebPages/Programs/Groundwater-Management/Data-and-Tools/Files/Statewide-Reports/Natural-Communities-DatasetSummary-Document.pdf
6
7

Page 35 of 44

The NC Dataset identifies
vegetation
and
Figure 1. of
Considerations
for GDE
identification.
wetland features that are good indicators
a GDE. The
dataset
is comprised of 48 publicly available
2
Source: DWR
state and federal datasets that map vegetation, wetlands, springs, and seeps commonly associated with
8
groundwater in California . It was developed through a collaboration between DWR, the Department of
Fish and Wildlife, and The Nature Conservancy (TNC). TNC has also provided detailed guidance on
identifying GDEs from the NC dataset9 on the Groundwater Resource Hub10, a website dedicated to
GDEs.

BEST PRACTICE #1. Establishing a Connection to Groundwater
Groundwater basins can be comprised of one continuous aquifer (Figure 2a) or multiple aquifers stacked
on top of each other (Figure 2b). In unconfined aquifers (Figure 2a), using the depth-to-groundwater
and the rooting depth of the vegetation is a reasonable method to infer groundwater dependence for
GDEs. If groundwater is well below the rooting (and capillary) zone of the plants and any wetland
features, the ecosystem is considered disconnected and groundwater management is not likely to affect
the ecosystem (Figure 2d). However, it is important to consider local conditions (e.g., soil type,
groundwater flow gradients, and aquifer parameters) and to review groundwater depth data from
multiple seasons and water year types (wet and dry) because intermittent periods of high groundwater
levels can replenish perched clay lenses that serve as the water source for GDEs (Figure 2c). Maintaining
these natural groundwater fluctuations are important to sustaining GDE health.
Basins with a stacked series of aquifers (Figure 2b) may have varying levels of pumping across aquifers
in the basin, depending on the production capacity or water quality associated with each aquifer. If
pumping is concentrated in deeper aquifers, SGMA still requires GSAs to sustainably manage
groundwater resources in shallow aquifers, such as perched aquifers, that support springs, surface
water, domestic wells, and GDEs (Figure 2). This is because vertical groundwater gradients across
aquifers may result in pumping from deeper aquifers to cause adverse impacts onto beneficial users
reliant on shallow aquifers or interconnected surface water. The goal of SGMA is to sustainably manage
groundwater resources for current and future social, economic, and environmental benefits. While
groundwater pumping may not be currently occurring in a shallower aquifer, use of this water may
become more appealing and economically viable in future years as pumping restrictions are placed on
the deeper production aquifers in the basin to meet the sustainable yield and criteria. Thus, identifying
GDEs in the basin should done irrespective to the amount of current pumping occurring in a particular
aquifer, so that future impacts on GDEs due to new production can be avoided. A good rule of thumb
to follow is: if groundwater can be pumped from a well - it’s an aquifer.

For more details on the mapping methods, refer to: Klausmeyer, K., J. Howard, T. Keeler-Wolf, K. Davis-Fadtke, R. Hull,
A. Lyons. 2018. Mapping Indicators of Groundwater Dependent Ecosystems in California: Methods Report. San Francisco,
California. Available at: https://groundwaterresourcehub.org/public/uploads/pdfs/iGDE_data_paper_20180423.pdf
9
“Groundwater Dependent Ecosystems under the Sustainable Groundwater Management Act: Guidance for Preparing
Groundwater Sustainability Plans” is available at: https://groundwaterresourcehub.org/gde-tools/gsp-guidance-document/
10 The Groundwater Resource Hub: www.GroundwaterResourceHub.org
8
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Figure 2. Confirming whether an ecosystem is connected to groundwater. Top: (a) Under the ecosystem is
an unconfined aquifer with depth-to-groundwater fluctuating seasonally and interannually within 30 feet from land
surface. (b) Depth-to-groundwater in the shallow aquifer is connected to overlying ecosystem.
Pumping
predominately occurs in the confined aquifer, but pumping is possible in the shallow aquifer. Bottom: (c) Depthto-groundwater fluctuations are seasonally and interannually large, however, clay layers in the near surface prolong
the ecosystem’s connection to groundwater. (d) Groundwater is disconnected from surface water, and any water in
the vadose (unsaturated) zone is due to direct recharge from precipitation and indirect recharge under the surface
water feature. These areas are not connected to groundwater and typically support species that do not require
access to groundwater to survive.
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BEST PRACTICE #2. Characterize Seasonal and Interannual Groundwater Conditions
SGMA requires GSAs to describe current and historical groundwater conditions when identifying GDEs
[23 CCR §354.16(g)]. Relying solely on the SGMA benchmark date (January 1, 2015) or any other
single point in time to characterize groundwater conditions (e.g., depth-to-groundwater) is inadequate
because managing groundwater conditions with data from one time point fails to capture the seasonal
and interannual variability typical of California’s climate. DWR’s Best Management Practices document
on water budgets 11 recommends using 10 years of water supply and water budget information to
describe how historical conditions have impacted the operation of the basin within sustainable yield,
implying that a baseline12 could be determined based on data between 2005 and 2015. Using this or a
similar time period, depending on data availability, is recommended for determining the depth-togroundwater.
GDEs depend on groundwater levels being close enough to the land surface to interconnect with surface
water systems or plant rooting networks. The most practical approach13 for a GSA to assess whether
polygons in the NC dataset are connected to groundwater is to rely on groundwater elevation data. As
detailed in TNC’s GDE guidance document4, one of the key factors to consider when mapping GDEs is
to contour depth-to-groundwater in the aquifer that is supporting the ecosystem (see Best Practice #5).
Groundwater levels fluctuate over time and space due to California’s Mediterranean climate (dry
summers and wet winters), climate change (flood and drought years), and subsurface heterogeneity in
the subsurface (Figure 3). Many of California’s GDEs have adapted to dealing with intermittent periods
of water stress, however if these groundwater conditions are prolonged, adverse impacts to GDEs can
result. While depth-to-groundwater levels within 30 feet4 of the land surface are generally accepted as
being a proxy for confirming that polygons in the NC dataset are supported by groundwater, it is highly
advised that fluctuations in the groundwater regime be characterized to understand the seasonal and
interannual groundwater variability in GDEs. Utilizing groundwater data from one point in time can
misrepresent groundwater levels required by GDEs, and inadvertently result in adverse impacts to the
GDEs. Time series data on groundwater elevations and depths are available on the SGMA Data Viewer 14.
However, if insufficient data are available to describe groundwater conditions within or near polygons
from the NC dataset, include those polygons in the GSP until data gaps are reconciled in the monitoring
network (see Best Practice #6).
Figure 3. Example seasonality
and interannual variability in
depth-to-groundwater
over
time. Selecting one point in time,
such
as
Spring
2018,
to
characterize
groundwater
conditions in GDEs fails to capture
what groundwater conditions are
necessary
to
maintain
the
ecosystem status into the future so
adverse impacts are avoided.

DWR. 2016. Water Budget Best Management Practice. Available at:
https://water.ca.gov/LegacyFiles/groundwater/sgm/pdfs/BMP_Water_Budget_Final_2016-12-23.pdf
12
Baseline is defined under the GSP regulations as “historic information used to project future conditions for hydrology,
water demand, and availability of surface water and to evaluate potential sustainable management practices of a basin.”
[23 CCR §351(e)]
13 Groundwater reliance can also be confirmed via stable isotope analysis and geophysical surveys. For more information
see The GDE Assessment Toolbox (Appendix IV, GDE Guidance Document for GSPs 4).
14 SGMA Data Viewer: https://sgma.water.ca.gov/webgis/?appid=SGMADataViewer
11
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BEST PRACTICE #3. Ecosystems Often Rely on Both Groundwater and Surface Water
GDEs are plants and animals that rely on groundwater for all or some of its water needs, and thus can
be supported by multiple water sources. The presence of non-groundwater sources (e.g., surface water,
soil moisture in the vadose zone, applied water, treated wastewater effluent, urban stormwater, irrigated
return flow) within and around a GDE does not preclude the possibility that it is supported by
groundwater, too. SGMA defines GDEs as "ecological communities and species that depend on
groundwater emerging from aquifers or on groundwater occurring near the ground surface" [23 CCR
§351(m)]. Hence, depth-to-groundwater data should be used to identify whether NC polygons are
supported by groundwater and should be considered GDEs. In addition, SGMA requires that significant
and undesirable adverse impacts to beneficial users of surface water be avoided. Beneficial users of
surface water include environmental users such as plants or animals 15 , which therefore must be
considered when developing minimum thresholds for depletions of interconnected surface water.
GSAs are only responsible for impacts to GDEs resulting from groundwater conditions in the basin, so if
adverse impacts to GDEs result from the diversion of applied water, treated wastewater, or irrigation
return flow away from the GDE, then those impacts will be evaluated by other permitting requirements
(e.g., CEQA) and may not be the responsibility of the GSA. However, if adverse impacts occur to the
GDE due to changing groundwater conditions resulting from pumping or groundwater management
activities, then the GSA would be responsible (Figure 4).

Figure 4. Ecosystems often depend on multiple sources of water. Top: (Left) Surface water and groundwater
are interconnected, meaning that the GDE is supported by both groundwater and surface water. (Right) Ecosystems
that are only reliant on non-groundwater sources are not groundwater-dependent. Bottom: (Left) An ecosystem
that was once dependent on an interconnected surface water, but loses access to groundwater solely due to surface
water diversions may not be the GSA’s responsibility. (Right) Groundwater dependent ecosystems once dependent
on an interconnected surface water system, but loses that access due to groundwater pumping is the GSA’s
responsibility.

For a list of environmental beneficial users of surface water by basin, visit: https://groundwaterresourcehub.org/gdetools/environmental-surface-water-beneficiaries/

15
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BEST PRACTICE #4. Select Representative Groundwater Wells
Identifying GDEs in a basin requires that groundwater conditions are characterized to confirm whether
polygons in the NC dataset are supported by the underlying aquifer. To do this, proximate groundwater
wells should be identified to characterize groundwater conditions (Figure 5).
When selecting
representative wells, it is particularly important to consider the subsurface heterogeneity around NC
polygons, especially near surface water features where groundwater and surface water interactions
occur around heterogeneous stratigraphic units or aquitards formed by fluvial deposits. The following
selection criteria can help ensure groundwater levels are representative of conditions within the GDE
area:
●

Choose wells that are within 5 kilometers (3.1 miles) of each NC Dataset polygons because they
are more likely to reflect the local conditions relevant to the ecosystem. If there are no wells
within 5km of the center of a NC dataset polygon, then there is insufficient information to remove
the polygon based on groundwater depth. Instead, it should be retained as a potential GDE
until there are sufficient data to determine whether or not the NC Dataset polygon is supported
by groundwater.

●

Choose wells that are screened within the surficial unconfined aquifer and capable of measuring
the true water table.

●

Avoid relying on wells that have insufficient information on the screened well depth interval for
excluding GDEs because they could be providing data on the wrong aquifer. This type of well
data should not be used to remove any NC polygons.

Figure 5. Selecting representative wells to characterize groundwater conditions near GDEs.
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BEST PRACTICE #5. Contouring Groundwater Elevations
The common practice to contour depth-to-groundwater over a large area by interpolating measurements
at monitoring wells is unsuitable for assessing whether an ecosystem is supported by groundwater. This
practice causes errors when the land surface contains features like stream and wetland depressions
because it assumes the land surface is constant across the landscape and depth-to-groundwater is
constant below these low-lying areas (Figure 6a). A more accurate approach is to interpolate
groundwater elevations at monitoring wells to get groundwater elevation contours across the
landscape. This layer can then be subtracted from land surface elevations from a Digital Elevation Model
(DEM)16 to estimate depth-to-groundwater contours across the landscape (Figure b; Figure 7). This will
provide a much more accurate contours of depth-to-groundwater along streams and other land surface
depressions where GDEs are commonly found.

Figure 6. Contouring depth-to-groundwater around surface water features and GDEs. (a) Groundwater
level interpolation using depth-to-groundwater data from monitoring wells. (b) Groundwater level interpolation using
groundwater elevation data from monitoring wells and DEM data.

Figure 7. Depth-to-groundwater contours in Northern California. (Left) Contours were interpolated using
depth-to-groundwater measurements determined at each well. (Right) Contours were determined by interpolating
groundwater elevation measurements at each well and superimposing ground surface elevation from DEM spatial
data to generate depth-to-groundwater contours. The image on the right shows a more accurate depth-togroundwater estimate because it takes the local topography and elevation changes into account.

USGS Digital Elevation Model data products are described at: https://www.usgs.gov/core-sciencesystems/ngp/3dep/about-3dep-products-services and can be downloaded at: https://iewer.nationalmap.gov/basic/
16
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BEST PRACTICE #6. Best Available Science
Adaptive management is embedded within SGMA and provides a process to work toward sustainability
over time by beginning with the best available information to make initial decisions, monitoring the
results of those decisions, and using the data collected through monitoring programs to revise
decisions in the future. In many situations, the hydrologic connection of NC dataset polygons will not
initially be clearly understood if site-specific groundwater monitoring data are not available. If
sufficient data are not available in time for the 2020/2022 plan, The Nature Conservancy strongly
advises that questionable polygons from the NC dataset be included in the GSP until data
gaps are reconciled in the monitoring network. Erring on the side of caution will help minimize
inadvertent impacts to GDEs as a result of groundwater use and management actions during SGMA
implementation.

KEY DEFINITIONS
Groundwater basin is an aquifer or stacked series of aquifers with reasonably welldefined boundaries in a lateral direction, based on features that significantly impede
groundwater flow, and a definable bottom. 23 CCR §341(g)(1)
Groundwater dependent ecosystem (GDE) are ecological communities or species
that depend on groundwater emerging from aquifers or on groundwater occurring near
the ground surface. 23 CCR §351(m)
Interconnected surface water (ISW) surface water that is hydraulically connected at
any point by a continuous saturated zone to the underlying aquifer and the overlying
surface water is not completely depleted. 23 CCR §351(o)
Principal aquifers are aquifers or aquifer systems that store, transmit, and yield
significant or economic quantities of groundwater to wells, springs, or surface water
systems. 23 CCR §351(aa)

ABOUT US
The Nature Conservancy is a science-based nonprofit organization whose mission is to conserve the
lands and waters on which all life depends. To support successful SGMA implementation that meets the
future needs of people, the economy, and the environment, TNC has developed tools and resources
(www.groundwaterresourcehub.org) intended to reduce costs, shorten timelines, and increase benefits
for both people and nature.
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Attachment E
GDE Pulse
A new, free online tool that allows Groundwater Sustainability Agencies to assess changes in
groundwater dependent ecosystem (GDE) health using satellite, rainfall, and groundwater
data.

Visit
https://gde.codefornature.org/

Remote sensing data from satellites has been used to monitor the health of vegetation all over the
planet. GDE pulse has compiled 35 years of satellite imagery from NASA’s Landsat mission for every
polygon in the Natural Communities Commonly Associated with Groundwater Dataset 17. The following
datasets are included:
Normalized Difference Vegetation Index (NDVI) is a satellite-derived index that represents the
greenness of vegetation. Healthy green vegetation tends to have a higher NDVI, while dead leaves
have a lower NDVI. We calculated the average NDVI during the driest part of the year (July - Sept) to
estimate vegetation health when the plants are most likely dependent on groundwater.
Normalized Difference Moisture Index (NDMI) is a satellite-derived index that represents water
content in vegetation. NDMI is derived from the Near-Infrared (NIR) and Short-Wave Infrared (SWIR)
channels. Vegetation with adequate access to water tends to have higher NDMI, while vegetation that
is water stressed tends to have lower NDMI. We calculated the average NDVI during the driest part of
the year (July–September) to estimate vegetation health when the plants are most likely dependent on
groundwater.
Annual Precipitation is the total precipitation for the water year (October 1 st – September 30th) from
the PRISM dataset18. The amount of local precipitation can affect vegetation with more precipitation
generally leading to higher NDVI and NDMI.
Depth to Groundwater measurements provide an indication of the groundwater levels and changes
over time for the surrounding area. We used groundwater well measurements from nearby (<1km)
wells to estimate the depth to groundwater below the GDE based on the average elevation of the GDE
(using a digital elevation model) minus the measured groundwater surface elevation.

The Natural Communities Commonly Associated with Groundwater Dataset is hosted on the California
Department of Water Resources’ website: https://gis.water.ca.gov/app/NCDatasetViewer/#

17

18

The PRISM dataset is hosted on Oregon State University’s website: http://www.prism.oregonstate.edu/
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TNC as a Representative for Environmental Beneficial Users
The state of California contains more species of plants and animals than the rest of the United
States and Canada combined 19. For over 200 years, California’s natural ecosystems have
been converted to agricultural and urban landscapes. This modification of land and water has
resulted in approximately 95% reduction in the historical extent of California’s aquatic and
wetland habitats20. Subsequently, more than 90% of all native freshwater species endemic
to California are vulnerable to extinction21 within the next 100 years. To prevent this, water
managers at every scale have a responsibility to manage groundwater sustainably, meeting
the needs of people and the environment. TNC is working to help by providing the science,
tools and solutions needed to halt the decline of our freshwater biodiversity.
Important Plan Evaluation Provisions
Per the Emergency Regulations Section 355.4(b), the Department shall evaluate plans for
compliance considering ten factors, including the following, which are of particular interest to
TNC:
(1) Whether the assumptions, criteria, findings, and objectives, including the sustainability
goal, undesirable results, minimum thresholds, measurable objectives, and interim milestones
are reasonable and supported by the best available information and best available science.
(2) Whether the Plan identifies reasonable measures and schedules to eliminate data gaps.
(4) Whether the interests of the beneficial uses and users of groundwater in the basin, and
the land uses and property interests potentially affected by the use of groundwater in the
basin, have been considered.
(10) Whether the Agency has adequately responded to comments that raise credible technical
or policy issues with the Plan.

19
20
21

https://www.ncbi.nlm.nih.gov/pubmed/12753220
Warner & Hendrix 1984; Moyle & Williams 1990; Moyle & Leidy 1992; Seavy et al. 2009
Moyle et al. 2011; Moyle et al. 2013; Howard et al. 2015
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